An actinomycete strain, designated KLBMP S0039
The genus Nocardia is a member of the family Nocardiaceae within the order Actinomycetales [1] . Species of the genus form an extensively branched mycelium, which fragments into bacillus-or coccoid-like elements [2] . Members of this genus are characterized chemotaxonomically by the presence of meso-diaminopimelic acid in the cell wall, arabinose and galactose as the characteristic sugars in the whole-cell hydrolysates with straight saturated and monounsaturated fatty acids, phospholipid type PII (phosphatidylethanolamine) and MK-8(H 4 !-cycl) as the predominant menaquinone [3] . At the time of writing, the genus contains 112 species with validly published names (http://www.bacterio. net/nocardia.html). Actinobacteria from inner tissues of medicinal plants and rhizosphere have attracted increasingly attention in recent years, due to their high diversity and diverse biological functions [4] [5] [6] [7] [8] . Recently, some species of the genus Nocardia have been reported from medicinal plants and rhizosphere soils [9] [10] [11] . In this study, we performed a polyphasic taxonomic study on a soil isolate,
KLBMP S0039
T , and propose KLBMP S0039 T as the type strain representing a novel species of the genus Nocardia.
During a study on the ecological diversity of actinomycetes from coastal halophytes' habitats, an aerobic actinomycete strain, KLBMP S0039
T , was isolated from the rhizosphere soil of Lycium Linn. in Jiangsu Province, eastern PR China. The isolate was obtained using the dilution plating method on starch-arginine agar [5. (20 %, v 
Morphological characteristics were observed by light microscopy (SA3300-PL, Philips) and scanning electron microscopy (S-3400N, Hitachi) after cultivation on ISP 2 agar medium at 28 C for 2 weeks. Cultural characteristics of KLMBP S0039
T were recorded on ISP media 2-7 [12] , potato-dextrose agar (PDA), Czapek's agar and nutrient agar (NA) [13] . The colony colour was determined with the ISCC-NBS colour charts [14] . The temperature range (4, 10, 15, 20, 28, 37, 40 , 45 and 55 C) for growth was determined on ISP 2 medium after incubation for 2 weeks. The pH range (pH 4, 5, 6, 7, 8, 9, 10 and 11) using the buffer system described by Xu et al. [15] and NaCl (0-15 %, w/v at 1 % intervals) tolerance for growth were determined on ISP 2 medium at 28 C for 14 days. Coagulation of milk, degradation of cellulose and urea, hydrolysis of starch, adenine, casein, hypoxanthine, tyrosine and xanthine and production of catalase and H 2 S were examined as described previously [16] . Utilization of carbohydrates as sole carbon sources was tested using ISP 2 basal medium according to the method of Shirling and Gottlieb [12] . The utilization of amino acids as nitrogen sources was tested as described by Williams et al. [17] . Production of acid was examined using API 50CH panels according to the manufacturer's instructions (bioM erieux). Antimicrobial susceptibility testing was performed using antimicrobial susceptibility test discs (Bioanalyse) according to the manufacturer's instructions.
Biomass for quantitative fatty acid analysis was obtained from cultures grown in tryptic soy broth (TSB) with shaking at 150 r.p.m. for 5 days at 28 C. Biomass for other chemotaxonomic studies was obtained after cultivation at 28 C for 7 days in shaken cultures with yeast extract-malt extract broth. Analyses of diaminopimelic acid and whole-cell sugars were carried out using the methods of Hasegawa et al. [18] and Lechevalier and Lechevalier [19] . Analysis of mycolic acids was performed using the previously described methods of Minnikin et al. [20] . Polar lipids were extracted and identified by two-dimensional TLC [21, 22] . Menaquinones were extracted and purified as described by Collins et al. [23] and analyzed by HPLC [24] on the basis of comparison of the retention time with those of menaquinones from known species of the genus Nocardia. Cellular fatty acid analysis was performed by using the microbial identification system (Sherlock Version 6.0; MIDI database: TSBA6). The DNA G+C content of the genomic DNA was determined using the HPLC method of Mesbah et al. [25] .
Genomic DNA extraction and PCR amplification of the 16S rRNA gene of KLMBP S0039
T were carried out as described previously by Qin et al. [26] . The PCR product of 16S rRNA gene sequence was cloned into the pGEM-T vector, and the sequence was determined by Sangon Biotech (Shanghai, PR China). The amplification of the gyrB gene fragment was carried out according to the protocol described by Takeda et al. [27] . The resultant 16S rRNA and gyrB gene sequences (1480 bp and 1195 bp) were aligned using CLUSTAL X [28] against corresponding sequences of the type strains of species of the genus Nocardia. Identification of phylogenetic neighbours and calculation of pairwise levels of 16S rRNA gene sequence similarity were achieved by using the EzTaxon-e database (http:// www.ezbiocloud.net/) [29] . Phylogenetic trees were reconstructed with the MEGA version 6.0 software package [30] using the neighbour-joining [31] , maximum-parsimony [32] and maximum-likelihood [33] methods and all trees were reconstructed with gaps as complete deletions. The reliability of the tree topology was evaluated by bootstrap analysis with 1000 resamplings [34] . DNA-DNA hybridizations were performed using the fluorometric micro-well method [35, 36] . The hybridizations were performed by using DNA probes labeled with photobiotin and each sample was subject to eight replications.
T was Gram-stain-positive and aerobic. This strain was observed to grow well on ISP 2, ISP 5, ISP 6, TSA and PDA agar media, and to display moderate growth on ISP 3, ISP 4, ISP 7 and Czapek's agar. No soluble pigments were found to be produced on any of the media tested. Morphological observation of a 14-day-old culture of KLBMP S0039
T grown on ISP 2 agar revealed that it formed extensively branched substrate mycelium and aerial mycelium that fragmented into short to elongated rod-like elements (Fig. S1 , available in the online version of this article). Growth of KLBMP S0039
T was determined to occur in the pH range 5-10 and with 0-5 % NaCl (w/v), with optimum growth at pH 7.0 and with 1-3 % NaCl. The temperature range for growth was determined to be 10-37 C, with the optimum temperature being 28 C. The morphological and physiological characteristics described above are consistent with those of the members of the genus Nocardia. Other physiological characteristics are given in the description and Table 1. KLBMP S0039 T could be further distinguished from the most closely related reference strains by utilization of various carbon sources and acid production from various carbohydrates ( Table 1) . Growth occurred in the presence of filter paper discs soaked in clindamycin (2 µg), ciprofloxacin (5 µg), chloromycetin (30 µg), erythromycin (15 µg), oxacillin (1 µg) and norfloxacin (10 µg), but not in the presence of clarithromycin (15 µg), levofloxacin (5 µg), minocycline (30 µg), penicillin (10 µg), polymyxin B (30 µg), spectinomycin (100 µg), trimethoprim/sulfamethoxazole (25 µg) or vancomycin (30 µg).
T showed typical chemotaxonomic characteristics of members of the genus Nocardia. It contained meso-diaminopimelic acid as the diagnostic diamino acid and contained galactose, arabinose, glucose and ribose (wall chemotype IV) [19] . The major cellular fatty acids of KLBMP S0039
T were C 16 : 0 (28.2 %), C 18 : 0 (31.1 %), C 18 : 0 10-methyl (TBSA) (17.7 %), C 18 : 1 !9c (12.2 %) and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) (7.9 %). Detailed fatty acid data for the novel strain and related species of the genus Nocardia are given in Table 2 . The menaquinones were MK-8(H 4 !-cycl) (75.9 %), MK-8(H 2 ) (4.1 %) and MK-8 (20 %). The results of polar lipid analysis indicated that this strain contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and two unknown lipids (Fig. S2) . KLBMP S0039
T also contained mycolic acid that comigrated (R f value approx. 0.47) in chromatography with that of the marker strain N. neocaledoniensis NBRC 108232
T . The G+C content of the DNA was 68.2 mol%. T (98.1 %), similarities to other type strains of species of the genus Nocardia were found to be less than 98.0 %. The neighbour-joining phylogenetic tree based on 16S rRNA gene sequences indicated that KLBMP S0039 T represented a member of the genus Nocardia and formed a distinctsub-branch with its closest phylogenetic neighbours N. neocaledoniensis NBRC 108232 T , N. asteroides NBRC 15531 T and N. rhizosphaerae KLBMP S0043 T (Fig. 1 ). This phylogenetic relationship was also found and supported by trees constructed within all species of the genus Nocardia with the neighbour-joining, maximum parsimony and maximum-likelihood tree-making algorithms for the 16S 
Acid production from (API 50CH): T by a 50 % bootstrap value (Fig. S6) . Recently, Kim et al. [37] proposed a threshold of 98.65 % to differentiate two species without using DNA-DNA hybridization. Considering the relative lower 16S rRNA gene sequence similarity values between KLBMP S0039
T and other closely related species of the genus Nocardia, the DNA-DNA hybridization was only performed between KLBMP S0039 T and N. neocaledoniensis NBRC 108232 T , N. asteroides NBRC 15531 T and N. rhizosphaerae KLBMP S0043
T . The levels of DNA-DNA relatedness between them were 46.3±2.1, 42.5±1.5 and 36.4±2.7 %, respectively. These values were well below the 70 % cut-off point recommended by Wayne et al. [38] for the delineation of genomic species.
In conclusion, it is evident from the morphological and chemotaxonomic characteristics and the results of phylogenetic analyses, that KLBMP S0039
T represents a member of the genus Nocardia. However, KLBMP S0039
T can be distinguished from the closely related species N. neocaledoniensis NBRC 108232 T , N. asteroides NBRC 15531 T and N. rhizosphaerae KLBMP S0043
T by biochemical and physiological characteristics and the fatty acids profiles, as listed in Tables 1 and 2 . On the basis of these differences and the DNA-DNA hybridization results, KLBMP S0039
T is considered to represent a novel species of the genus Nocardia, for which the name Nocardia rhizosphaerihabitans sp. nov. is proposed.
DESCRIPTION OF NOCARDIA RHIZOSPHAERIHABITANS SP. NOV.
Nocardia rhizosphaerihabitans (rhi.zo.sphae.ri.ha¢bi.tans. N. L.fem.n. rhizosphaera rhizosphere; L. pres.part. habitans inhabiting; N.L. part. adj. rhizosphaerihabitans inhabiting the rhizosphere).
Aerobic, Gram-stain-positive, weakly acid-alcohol-fast and non-motile actinomycete that forms extensively branched, yellowish white to white substrate mycelium and white to gray-white aerial mycelium that fragments into short to elongated rod-like elements on tested media. Asterisks indicate branches of the trees that were also found using the maximum-parsimony and maximum-likelihood tree-making algorithms. Bar, 0.01 substitutions per nucleotide position.
